; RSe3e} M JI 6RT48 Field of the invention 5 [0001] The present invention
rel ate duction of cast parts with enhanced wear resistance by an
inprovmm$mmmmmmmmw resi stance to abrasion whilst retaining acceptable
resistance to inpact in the reinforced areas. 10 Technol ogi cal background
at the basi'®8F the invention [0002] Installations for extracting and
br eaki i | s, and in particular crushing and grinding material, are
subjecﬂ@mmmm“mmm&mkus constraints of performance and 15 costs. [0003] As an
exanpl e, one mg cite in the area of the treatnment of aggregates, of
cenent and ¥ ner al CAS®RARES (WITH ENEANGER WEAR RESISPANCE of grindi ng
machines with vertical shafts, hammers and breakers of grinding 20 machi nes
wi th horizontal shafts, cones for crushers, tables and rollers for vertical
crushers, argpdigdo! ghendngadtebavators for ball mlls or rod mlls. Wth
|

regard to m | ations, one might nention, anong others,
punps f or 5bi taAOAdUS sandsTbe driptrésemt mackiverti@s purplates nittes &HE

dredgi ng teeth. .[0004] The suppliers_of .ywear rt r e . l.nes e
faced with iRgpggggéogeﬁgﬁd%a$€rpﬁég? B&ﬁgsEﬁﬁ?%ﬁﬁ%eg¥e%€e§§8E§§?gP§tg of
resi stance t@ni MagiroaRether®si Sitrancend 0 abs st amcat tbe apmastione. wdl1sG005]
Traditional materials generally nmeet one or the other of these types of
requi rement BEEadRANge PFCEREDY & ESPIEARTCE tROLAPRF adt &h¢ disiddiogred

I ndeed, ductile_materials offer enhanced resistance to inpact but have very
little resistance to abrasion. On the other hand, hard 2

abr asi ondoesi stant materials have very little resistance to violent inpact.
[ 0006] Historjcall the first reflections on_this or%-Ienlledtpo an

excl usi vel y PG 23 R DGRAn s S EF A s aEd A7 steel s
W th manganesgohhat are venygsegsiataBhst ormmaalsadithdexeat bekagsnachigeve
internmedi ate hardness | evels of the order of 650 to 700 Hv_ (Vickers

har dness) . [O0@ZR16, hendalime paattilvad agucirugd iags einty g raindd nep wahegie lhave
al so been suggested.. Thes |l ow t o hi S \% or. of
700 to 850 I—t%%gft%&%%ﬁ% | &%t Het el © Sfegiérgnsagf@ggagésed)g\n;aﬁ%g?%?éﬁgghiae\%{ed
for allows cewisaisni ng a percentage of carbide up to 35% [0008] Currently,
binetallic castings have al so been 15 used, but,K these neverthel ess have the
di sadvant age [(91001§gi ng |im P&dafo s¥amRd Sof WsrERhapetewhichiEr 64T y
reduces theirQPPOLLYHLLES JPOr 25 GPUghELE] P! LEREAON-and of minerals,

wear parts such as ejectors and anvils of grinding machines

with wvertical shafts, hammers and breakers of grinding

20 machines with horizontal shafts, cones for crushers, tables
and rollers for vertical crushers, armoured plating and
elevators for ball mills or rod mills. With regard to
mining extraction installations, one might mention, among
others, pumps for bituminous sands or drilling machines,

25 pumps for mines and dredging teeth.

[0004] The suppliers of wear parts for these
machines are faced with increased demands for wear parts
which meet the constraints of resistance to impact and
resistance to abrasion at the same time.

30 [0005] Traditional materials generally meet one or
the other of these types of requirement but are very rarely
resistant to both impact and abrasion. Indeed, ductile
materials offer enhanced resistance to impact but have very

little resistance to abrasion. On the other hand, hard



[ 0009] Wear parts are generally considered as consunmabl es, which neans that
apart frompurely technical 20 constraints, there is also a financial

" constraint which linmts the opportunities for solutions that have an
average cost of US$4/Kg. It is generally estimated that this price |evel,
which is twice as high as that of traditi@nal wear parts, is the threshold
of financial acceptability for 25 custoners. Description of the solutions
accor di ng tOaﬁ%@%%oﬁtrgggsﬁ%ht[%g%%kiéqg'% LRI R YN cRA! Al tathice to
resi stant to abrasion and inpact has al ready been“the subject of studies 30
of various typedenfOQibhckn this context, one has naturally turned to

conposite parts based on ceramcs and, in.this,area, the plicant alr.eady
di scl oses in [889§_§Ent VO 9§}§§?§ﬁcaﬂfy' SQ'{ﬁ oglﬁﬁge(feﬁqcr%n&r?neﬁndo%e% i%Cs
which is Ver%rb%i'e%t anlg tQ Wadr e RE0LE PPATY - mEB12]irNcdocupRRoa MR 98111373,
the Applicant proposes to insert into a nould, before casting, a wafer of 5

porous cebBamiconghistied dni suiddesitiog BEeele witd mamdengseadtiatg arFheery
opportunities faor li.cati this | i e hel jquted to
Parts of strofgieracy. ded i b pREEEt bR R R SR R e
Mor eover, thaapdsielsisoniagedd idieseheeades Waf ecS0 stoatfer HO clohdikaraned
by the requirenents of infiltration by the cast nmetal than by the actual
requi rement s NGFIPRESPart' s use. [0013] Wthout aiming at the same

obj ecti ves, “{%fo%gqnov di schesgs 'algggﬂg%%ew Q00R013 A fddRRRAf RAMAS
mat eri al obtained by cold conpression of the raw 15 material, of an

exot her ml® nickirome ofiapewddrso ubden \saggesteiol | Thede byaldtcar t tag adisieve
conmbustion of the mi xture. Here are dealin ' a,_chain reactiqgn. Wth
this method, t""ﬁ@ O5ES ngeg_ﬁtllser@ffymﬁé?d i éﬂ%swbh{a_ WFPhOéJ?O aﬁgvreagﬁlse[rance
to inpact. ThiSdapressemimdl Yedegehent heThiead RAIQRd Yapé 3@hibeepr GBiCES.
[0014] Moreover, in docunent W)/ 9011154, the same inventor proposes a
simlar nethedlwysr eonteirhing cagerasidagexafr €agbisenwddr $° afx%er havi ng
reacted, is jeGgted to p as. hi .10 IS Lventl
results in Zg%:blr@ﬁpr oduct i gﬁ&%ﬁ%’ér s]?%%gtaagrlé %)%tsgg%sygééé satr!LaE’ﬁlldt1 Bt%h
abr asi on 1sut weidd) insufthiegice nfevieasitsdlanee Havd mactdi sHibraaittadeercsf ikseialypve
all to produce surfaces for abrasive tools that are greatly solicited in
this sense. [0LHed rq&fetd of mednple dhapsy Wind poaidiCalioh muges

Litanium bORGR.: . WAGShaN AN Diim; sl ITelphdeniimo;s] | con, - car bon,

etc. powders tesults i n extrenely porous pieces ter the reaction with
porosity rateoodadse to 50%eathegmttter ehoee rgaperaEl onpressidrreflt erag he

reactl on ol LA AREC LS el S0y it easg HAS gepnbieh 1o

such a meighoGorddtea1eitd 0l tabrkheid eatkioons @itharitd adostonbtihént which
limits the opportunities for solutions that have an average
cost of US$4/Kg. It is generally estimated that this price
level, which is twice as high as that of traditional wear
parts, is the threshold of financial acceptability for

25 customers.

Degcription of the solutions according to state of the art

[0010] Achieving a wear part that is resistant to

abrasion and impact has already been the subject of studies
30 of various types.

[0011] In this context, one has naturally turned to

composite parts based on ceramics and, in this area, the

Applicant already discloses in document WO 99/47264 an



5 raw materials nevertheless considerably limt the introduction of these
technol ogi es into industry. [0017] Gernan patent application 1979777 -

" Lehmann di scl oses a production nmethod for cast parts that are highly wear

resistant. In this nethod, carbi de powders are 10 conbi ned with conbustible

bi ndi ng agents and/or netallic powders wih a | ow nelting point. During

casting, the binding agent gives up its place to the casting netal which

then Surroungilgggbg%%gigﬁ RFLH Gh8S cehrAmti RisS WiBROd ¢ LR]KLL riekiRe sehemLal

chain reaction a the particles highly 15 wear resistant are present

i n the noul dweaematke isparct.. [ 0018] Numer ous docunents di scl ose such a
nmet hod for syrrounding hard particles, and.in ticul ar - P5,.052,.464 _and
Us- P- 6, 033, 7990128 t h, anieh é’ﬁ%%’éﬁd oot ndresdiice of Thar FEFar T %es
before casti pgopbisel S L@t kit Kakeullle pPeresehelwramd, he Gerfed of

particles. [0019] The invention avoids the pitfalls of the state of the art
by producBngpaeatspatesantc omhgichal ist dgdidiaaged peydided Botah shigingal
and sinpl e nethod, whi i s thus _inexpensive 5 A .of . t. i nyenti

[0020] The pF@?gﬁPgi'nvgﬁ?‘iaonOé)lpr?srttuéllprl%\s?i def?/\%ar %ﬁtl%artelg?lsta%? b(;:?ﬂsto
abrasi on andinh®enfpael akea heftapehaleysactepiebie tpsi geamss wedffi & raong

nmet hod for their 30 production. It ainms in, particul arl t,gésol ve the probl ens
associ at ed WCERSENESSSI G FQ A NG tBLtRelight £ 15 diRy dry castsng-

Summary of tﬁgﬂe%\o%fii,i R %%Zs]ﬂtim%n? SFE M AV QR0 I §lAteAS Lk MRty
part, produced by a foundry, wth a Structure reinforced by at |east one
type of @t aldonditdomiede byartdveorremptiadement® wift dindad t ratd/aor hyettdld iaast
oxi des, and/or mit allic borides, as _well as internetallic _conpounds,

hereafter caMe&dit hdalomYortdint &ty FECHTENES att e @ ¥ 4w St al s

acting as reggenky for sai¢iceppenerdiismiiaye heen dHd i BhRea bt befpre
casting, in the formof inserts or pre-shaped 10 conpacted powders or in
the form of Berzhemess, disclivgest hanr edecioanbf WM W Hoder s2 i fireryRatfed

in situ by the castin f.a,metal_.form o] r LRSI
and in that $a7¢"eta tc?]r'f\ ??troéjt%é—’lsmt%hd;n% r%@%oﬁé?éﬁégé?gﬁ ta#ﬁstﬁgr n%&n% a
rei nforcad stfateirird,, IF am texcdidrenie nhetifrd rd yiwdterd walak vacuum,

conglonmerate in_the structure of the nmetal used for tthcasti ng of the

part, and thddgypHes Feafkaat BRI ntorciTRPT UG Irel | AREhEREH SpartSte:
[0022] One of,d he.Keye L9108 4NERRERSLALCLAVANT LS hoWS thaihddle ne

porous congl onerate, creat In 20 situ and infiltrated by the nolten netal
has a Vi cker ®btains extremely hard materials but without any resistance
to impact. This is essentially due to the high porosity of
20 the products.
[0014] Moreover, in document WO/9011154, the same
inventor proposes a similar method where, in this case, the
mixture of powders, after having reacted, is subjected to
pressures as high as 1000 bars. This invention results in
25 the production of layers that are extremely resistant to
abrasion but with insufficient resistance to impact. The
aim here is above all to produce surfaces for abrasive
tools that are greatly solicited in this sense.
[0015] In general, the use of very pure powders such
30 as titanium, boron, tungsten, aluminium, nickel,
molybdenum, silicon, carbon, etc. powders results in
extremely porous pieces after the reaction with porosity
rates close to 50%. These therefore regquire compression

after the vreaction involving compaction and thus an



har dness of over 1000 Hv2o whil st providing an inpact resistance higher
than that of the considered pure ceramcs and at | east equal to | OMPa

" [0023] According to one of the features of the 25 invention, the reaction
in situ between the raw materials, i.e. the reagents for said conponents,
is a chain reaction and it is triggered by the heat of the nolten netal by
formng a very porous congl onerate capabl e of being sinmultaneously

R L 9#&@98@0%{65&045%@4 Wihio S0 shanbbLradhi 8l eraliem el e
reinforcing Structure. Adcor Ing to one particularly advant ageous
enbodi nent ofisthe invention, the reaction between the raw materials takes
pl ace at atnmospheric preSSﬁEe and rticular protective

vlvithout , 6 an
gaseous at mosPRéPé and wit hoGt £A® ﬁ@@&tPGFOPOWﬁ¥ iGH % t ePL t hEYFBac on

[0025] The rawirpgher idls Lohepdedoko HHOdHELC £ 1ons OBRAN @ He DEbONJOEO tiiee
group of ferrous alloys, preferably 5 of FerroTi, FerroCr, FerroNb, FerroW

FerroMb, BerreB, FewteSialEerr o2vegithedessy, consdkdergbily t hd igridup dfhe

oxi des, preferably TiQ2, FeO,_,Fe203, Si02, Zr02,. 03, .Orz03, B203, MdO03,
V205, 0 - MBCAREUNEG OB Oy SREEE LRETBPIRTTSE MELR SUSR G all oy,
preferably ireoi7nickel, tgkanhdmpteit ahpplDedviend 1@7m Tar bomLetieion or
nitride conpounds. Brief description of the figures [0026] Figure 1 shows a
barbitone 1 §is€d@sever at eradeatiomertethind cdor pgpreta PATERe AT d3ES s

to be 15 reinf Fi 21, 5hoysg t LAY ent.i y f.orm
rei nforcing ?ﬁg@§?§V§k&giﬁﬁ§%E§%€2c}%e ca%tmgt?ﬁafhghggapg .%ﬁﬁaiﬂége
Fi gures 30 4cambineshowmi tiar domtsistilesshondig fgend scagnd Aigr wintet adiricme

(Fig. 3), a pure ceram,c. (Fig., 4) and.an allo Fi 5) reinforced w.th
ceramic as i OMRE TS e%’é'ﬁ_F i“hve]rﬂ"} oﬁl.eq[td@_éb] p_ﬁgﬁgreg%uglﬂa%_%%?tﬁ%ﬁ'es %’fe TiC
in an iron akbigwi nteadntngife@mMp HRACH1ARd RSitHe Qfadiq}lg Wiethy 12 SypEadtbon
to produce TiCin an iron-based natrix. "The size of the TiC particles is of
t he order of thehewuriroumes. thet aiardd dge Peritpdles .oflnt Fdismattiash [OE3T

The present i,nventiqn proposes_cast rts 30 _who r r.f. e
rei nforced bﬁspﬁﬁic%be'\?%c%ﬁhec Ut d’fe%%f%)?ré %%é?la;g,%rr%t gfaﬁ%é:llg%cl%%rrg%i%qlﬁ’g
powders tsat wake allg dtenteatle ipredent dmd thirdaioullde f3eie tard iswaraf. t he
heat of the casting. ,
[0018] Numerous documents disclose such a method for
surrounding hard particles, and in particular US-P-
5,052,464 and US-P-6,033,791 - Smith, which are based on
the presence of hard particles before casting which is to
20 infiltrate the pores between the ceramic particles.
[0019] The invention avoids the pitfalls of the
state of the art by producing wear parts of original
structure and produced by an original and simple method,
which is thus inexpensive.
25

Aims of the invention

[0020] The present invention aims to provide wear
parts resistant both to abrasion and to impact at a
financially acceptable price as well as a method for their
30 production. It aims in particular to sclve the problems
associated with the solutions according to the state of the

art.



[0031] To this end, reagents in conpacted powders are used and placed in
~the nmould in the formof wafers or inserts 3 in the required shape, or
alternatively in the formof a coating 4 covering the nould 1 where the
part 2 5is to be reinforced. [0032] The materials that can react in situ
produce hard conpounds of carbides, boridgs, oxides, nitrides or
internetallic conpounds. These, once forned, conbine with any possible
carbides alr esent LN ing alloy 10 so as to further increase
t he proportigaﬂ% By o8qkne 150%n%§5£h a hardness of Hv>1300 that contribute
to the wear resksfance. Thehtaptreseateitvahtionaretlatas &boat wedG0Gaky ,t he
nolten netal and forman ad itign of particles resistant to aq%§f

: asi on
incorporatedPFﬁgHC?ﬁghﬁr%c QrEIEY 187 FrefhFuGiuder FreYHET iﬁ§ @i g
6). [0033] MpLgaYer oreh GQRYd asds t Gndtigr B hodsrpiathe shayerof di@iantc, it
IS not necessary to use pure netallic powders to obtain this reaction in
situ. TheSnethodigesposed /advaretagdous| gx ide pmsand/ o emehaxpens bex idesr ous

20 al l oys or _oxid in _order to obtain extreneky hard ticl e din
the matrix f8Fmetf ?ﬁe%ﬁiﬁﬁWﬁf 5 %ﬁ%?%u?%¥hflgﬁgﬁgleﬁﬁg$%gg§eg§%
resistance i gompeuched., [ORI4cthati s@d Virdogsat hehé n¥ewt naRekeglisr @dtdndd
subsequent conpaction, that is conpression, of the areas wiith reinforced
structure, bae reaBeRssi €8I Fadtt KOTPOREHLEy haNgs beesated 1R teaicd "adds t o
all ow the in{j ti .t he mplt i e Hans hi

tenperature E’Euﬁd.%a) 8%8%@035 Th‘?lge ?ef(;(:]%nrl ersgfr)\o lggsrtl cul g;rr ppglt%ecstqa eed

at nrosphene apdmpakesdppatdeais armisphér €opmesfubarbitionsse Heatt hartoiheed
by casting, which clearly has_a particularly Qositiv conseqguenc ontﬁ£$
cost of the FERREAONA Sfr udRife POVEISHS h Wfer Y FREE6HFIDI &7 o3t bt esPY n s
of the simul tcag%%g rfsi st apes1t eohhRag! @%@&J@Sbéﬁ?lémé95§eoghals!1%,

[ 0036] The hardness val ues achieved by the particles Thus enbedded into the
rei nforced sanflades theg ispicdheoetalgdn$idtralee the3@orohs dasidlemargtiche
infiltration t casting neta h nd_obt ai ne S n

hi gher than fgéﬁ W | tr?é?gPﬁ%ﬁg §§¥§%§5%F'r§§1s %ngg ﬁ?&ﬁ%&%tﬁgﬁ

| OVWPa Thasi maaet ue®nSt 8ACEsd i5d Meaayl ethelytiendent aticonstwhicchreeans tat a
dent is made by neans of a 10 di anond piercing tool of pyramdal shape at a
calibrated | 8ggalasusededom ©Ret wastdad ¢he Uhdt PREY. | 05knEREREPYRY-C

devel op crac t he IS, :Qf the chen rement of the
cracks allomg&F e npégﬁggggigggh%@QP%%%EEbggbgl%hﬁ%%éd igures 1, 2 and
3). [0022] One of the key aspects of the present

invention shows that the porous conglomerate, created in
20 situ and infiltrated by the molten metal has a Vickers
hardness of over 1000 Hvy, whilst providing an impact

resistance higher than that of the considered pure ceramics

and at least equal to lOMPavg;.

[0023] According to one of the features of the
25 invention, the reaction in situ between the raw materials,

i.e. the reagents for said components, is a chain reaction

and it is triggered by the heat of the molten metal by

forming a very porous conglomerate capable of being

simultaneously infiltrated by the molten metal without
30 significant alteration of the reinforcing structure.

[0024] According to one particularly advantageous

embodiment of the invention, the reaction between the raw

materials takes place at atmospheric pressure and without



[0037] The raw materials intended to produce the conponent belong to the
~group of ferrous alloys, preferably of FerroTi, FerroCr, FerroNo, FerroW
FerroMb, FerroB, FerroSi, FerroZr or FerroV, or they belong to the group of
20 oxides, preferably Ti02, FeO Fe203, Si02, Zr02, Cr03 Cr203, BzZ(3, MO03,
Vz05, CuO MJO and NiO or to the group ofeéenetals or their alloys,
preferably iron, nickel, titaniumor alum nium and al so carbon, boron or
nitride conp d ! y : kO S [ 5

t he present ?ﬁgeﬁ¥?%%9§§%ugeﬁ£?§ P%lg? the ti%%:EEQ%FEﬁg%b-E§¥?C%%tF§u$i02
+ Al + C - >tHeChe¢cAl263 EemPBessAbn- aftAt20Be+rEecfion.C -> TIiC 3 0 Al + C
+ B23 - > B4$ + Al123 Mb03 + Al + Si - >,NHS i,2 + él 03 Theseé{eactigns
may al so be ¢BRBPhed. 9 TBB3FAWhEAEELIESn SPEERREY &P s P4 EEht FOf ed
by the additipgposhefil heieRL ¥Bt 8hs, gablpysrokepabuichasowhi, Chrdgerabliake
part in the reaction. These additionS may noreover advantageously be used
in order 6o obdi FerrhBi5 i ReureCresiBarmed or RettraW pr digamoMes off egieB,

conposite created _iin situ cording to require ts. This |Is_.S y the
ol Toi ng | FREEPSHr v TEsait ot PesasVs o “Peliinna el (s oot of ore
Ti + C+ N oridk€, +pherb@abascimipli oreof @epogf e3i®m] @vogdi orot, ofridie

i nvention [0040] The first preferred enbodi nent of the invention consists

in conpact i nf2@he N¥merVeactife PERIARS YIS Rl EVEH dDreleupEouphes
takes place [ nc3;15 SONPLESS| leegg',dp%%@fa%ltyheip@é; r gdcrbape (qfc hiem

insert or the prerorned shape ossibly 1n the presence of a binding
agent, fao tbe méunfadicenant eflsbheachsnh,phptrod. ofhing tirdsier coopopmnesor med
shape will then be placed into the casting nould 1 in the desired place. 20
[0041] For the powders, a particle size distribution is chosen with a D50

bet ween 1 angrlgqodggg&gﬁéiogr%Engglfi?ggg@ than 100. Practical experience
has shown th T T eal conprom se between the
handl i ng of tlll@26aw mat eri Bigprehad ashiovist o dfathictgrer olisspreddcoves Ihepe
infiltrated and the contral, of the reactian. .[ 004 [ astin t hot
nmetal triggefsSffie V%ﬁﬁ?igﬁ“ﬁfcﬁﬁg p?%?%rggdls a%ééoﬁﬂﬂfﬂ?hg'i%ger omh?%h
transforng i Me@nEFoseerg.onerate with a porous structure of hard particles.
This conglonerate, still at high 30 tenperature, is itself infiltratedjgnd
ut

enbedded in tIR92ddsti ng meFaPURBKIPnFRAYS hePPar PV eRfiietstdh FaScaPriled
bet ween 1400 r%'lgﬁ%-é%(lﬁlgd%%’é%%g 300 ot ReeCR3iNG of FPYRLURL 10f tife r@f 1%y
chosen to nake e part.
1.
[0028] Figures 3, 4 and 5 show hardness impressions
20 for a casting with chrome (Fig. 3), a pure ceramic (Fig. 4)
and an alloy (Fig. 5) reinforced with ceramic as in the
present invention.
[0029] Figure 6 shows particles of TiC in an iron
alloy, resulting from a reaction in situ of FeTi with

25 carbon to produce TiC in an iron-based matrix. The size of

the TiC particles is of the order of a few microns.

Detailed description of the invention

[0030] The present invention proposes cast parts
30 whose wear surfaces are reinforced by putting in the mould,
before casting, materials comprising powders that are able
to react in situ and under the sole action of the heat of

the casting.



10 [0043] A second preferred enbodinent is the use of a barbitone (paste) 4
~containing the various reagents so as to coat certain areas of the nmould 1
or of the cores . The application of one or nore |ayers is possible
depending on 5 the thickness desired. These different |ayers are then
allowed to dry before the netal is poured7into the nmould 1. This nolten
netal also serves to trigger the reaction in order to create a porous |ayer

which is infi ed i medigt elyy; af gl 1 tsed d onnt O-dpb iR Be st e
that is 10 paEPP?g?JI arly res?stanlt botﬁ'tolsel act anél1 wean?g.5 11 Al M5 1.
Wear part nmdeei msad auntrylaced him sheuobudd rei riflor ceormi ©h wefkzastorone

type of netallic car bide, ,and/ or .of tallic nitride, and/or. of  boride,
and/ or of nellﬁfsfaffgso dé@,tgﬁd/%er‘;hblfrefdgfﬁﬁ?@?al Pitc %]OLrﬁ)]H th Ye%réaf {&F
cal | ed COWPOE%EhSofC@r@&é@{ﬁ%e@ tBveRahgt Reer auTd er | Whér@cthagpast 2
reagents for said conponents have been put into a nould (1) before the 10

casting, Bn tBetPobm seingsoscesd .or preforned shapes of conpacted powders

asting, Fn- 8P i ref conpact ed
hat been 11 gBBPEA in oitulBy TRECEPLER ol UhtTRG: For ARG SoSoav

congl orrer at e hiafrdsidapauntis nofthadartsmidbsvet Bbrbdss 15 dxifddd,r ahetries parous
congl onerate, thereby making a reinforced structure, so as to result in an
i ncl usi on of is&edTEsAGLeRercReIundhe TRRERL ULBCSE GMENSRA aFOTRERST 3t thhe

casting, thu N1 &l O SLLUCTYEE O T hE VR RBRklinGg Aoy 20
2. Wear parténgg%?)tné%%&l m 1, cjhar act e% s%% ﬂI’%l &t}hat sai d porcous 151%;”9' or(rjgr ate
is creata® isosiatsu tandfusthien i incweaske byhe hpropstt enabfald ridn rariti alies

particles thus _created ve a Vicker dpess bet wee 300 ,and_3000 Hv
and in that $&° c%ngﬂaﬁﬁg‘re:ﬁse @ nh&%%ﬂjtEgagorﬁ)%v\%&%%er&?nf%g%eWﬁf an
i mpact resi st-aRGetahcevernONGR tir a¥e MIFAd char ddre afr @ienid ars oaf ovess
parts with a structure reinforced by at | east one type of netallic carbide,

and/ or netal Ithe nimalitgs amrt/ar cindorfeen add/ ordeitienal lbfc @amddsles
d/ f int |1ic_ 30 ds, d
and/ or of iInter ”e?%nﬁhtct?nﬁ‘g’%gg%ﬁ Z;rtél‘cg%,ﬁc@.feagteédc%kg t%?é@%?ﬁ%ﬁyr}gh%ff

sai d comoneﬁte§l§ ul ore casting, in ormo
inserts am prefkomardlsrees fofr eorpatcistd ngowdds ©3). or in the form of

bar bi tones (4), where the reaction of,

[0033] Moreover, in contrast to the methods of the
state of the art, it is not necessary to use pure metallic
powders to obtain this reaction in situ. The wmethod
proposed advantageously allows to use inexpensive ferrous

20 alloys or oxides 1in order to obtain extremely hard
particles embedded in the matrix formed by the casting
metal where reinforcement of the wear resistance 1is
required.
[0034] Not only does the invention require no

25 subsequent compaction, that is compression, of the areas
with reinforced structure, but it benefits from the
porosity thus created in said areas to allow the
infiltration of the molten metal into the gaps at high
temperature (Fig. 6).

30 [0035] This requires no particular protective
atmosphere and takes place at atmospheric pressure with the
heat provided by casting, which clearly has a particularly

positive consequence on the cost of the method. A structure



12 said powders is characterised in that the reaction in situ between the
raw materials of said conponents is triggered and sustained by the heat of

" the nolten nmetal. 4. Method for the production of the wear 5 parts as in
Claim3, characterised in that the reaction between the raw nmaterials forns
a very porous congl onerate capable of beiBg sinultaneously infiltrated by
the cast netal wi thout any particular alteration of the reinforced
structure. 10. f r i Mﬁﬁ; pakt S dl or
4, charact er?’%gg %‘%&S’ﬁgftaﬁlelg}gaegtl on lleétwwejgﬁl t he ?agvfrrg%%r iSéLIr[hélgtta ?g%gl ace
at at nospher respeeaadee twi tihpattt hadmablrad ipaquisr thgsanhtadmedessi on after
reaction of the powders. 15 6. I\/Eéhod for_the production of wear parts as
in any one offC8R&ins 3 to BRechardeeari ¥adurA ?‘ﬁgﬁef’ﬁg gé’a&l"ieoﬁ &F the
raw material gndeesnbRlde@dYnte 3R $R8GiIrbirecHa5a0%s cREOLEE! i1Ve talTRSRhRY €.
7. Method for the production of wear parts 20 as in any one of Clains 3 to
6, characber p§edl3@0t Hn S4I04 rBwW. nearicindeltbey ivfihergesap o9y f &heous

al l oys, preferabl.y FerroTi, Fkerr err . r err Eerr.oB,
FerroSi, Fer FSf?lglﬁd“Eé:ra ov.t % %ﬁ%%tgl# ocgw%lef%éo}%%t ?oha% WEar hﬁ%r%tesr 25
as in any onghah @oRoHI,twhblstthesegigingedni himphat saisd stawcentteErghalrs
belong to the group of oxides, preferably TiOz , FeO , Fez0O3 , S i02 , Zr02
. Cr03 , Cr2@Ran B203Bak03 (THQ0SimpLuO MydiavandeO i8. Meblsodetor Hyhe
production of wear parts 30 as in any gne of Claing 3 to 6, characterised
in that saidiPggnFatdrral ¥HEGoMeans hatgrddent #etBrdeoPyt RERRSafoys,
preferably ir it an . i C or Al um.ni 0. h f;

producti (:)L)r? ogqaggbdp%és%als i ngglr%l/ gﬁfg %l?} ia{?én%s §i1t§8%6,a%§r %1el?{rsaltéc%%i n
that said rawoest.erials include carbon, boron, or nitride conpounds. 11.
Use of the wear parts rodu%]ed 5 a&cordi to a@é one of the prece ir&%
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A@. AL@ ALN@ALI A ScAL@ AL QAL GRAL@ M@ s ALSE At@AQ(AL K The length
>hj | KSVx{~~ysnhc”"

U] c”a] ca] caUpeaktaepealtc af clhe ackagkeapddgea]tdig chfrack cazpsastance to

A N N Tall I ##S00K' 7' 0w092256666
Pkoni i 18 chEc RPAST AR e CERaarel a3 g Rl 3" i)
U] cMa] ca] ca] gajog™a] ca] ca] cahea] cal] ardtoadicdlcalit eddeda] ca] cetcduce the

component belong to the group of ferrous alloys, preferably

of FerroTi, FerroCr, FerroNb, FerroW, FerroMo, FerroB,
FerroSi, FerroZr or FerroV, or they belong to the group of
20 oxides, preferably TiO,, FeO, Fe;0;, 8i0O;, Zr0O,, CrO; Cry0s,
B,0;, MoOi, V,05, CuO, MgO and NiO or to the group of metals
or their alloys, preferably iron, nickel, titanium or
aluminium and also carbon, boron or nitride compounds.
[0038] By way of an example, the reactions used in
25 the present invention are generally of the type:
FeTi + C -> TiC + Fe
TiO, + Al + C -> TiC + Al,0;
Fe,O; + Al -> Al,0; + Fe
Ti + C ->» TicC
30 Al + C + B303 -> ByC + Aly0;
MoO; + Al + Si -> MoSi, + Al,0;

These reactions may also be combined.
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moreover advantageously be used in order to modifythe

5 impact resistance or other properties of the composite

created in situ according to requirements. This is shown by

the following illustrative reactions:

Fe 03 + 2A1 + xAl,0: -> (1+x) Al,0; + 2Fe

Ti + C + N1 -> TiC + Ni

10

Description of a preferred embodiment of the invention

[0040] The first ©preferred embodiment of the
invention consists in compacting the chosen reactive
powders by simple cold pressure. This takes place in a

15 compression mould bearing the desired shape of the insert
or the preformed shape 3, possibly in the presence of a
binding agent, for the reinforcement of the cast part 2.
This insert or preformed shape will then be placed into the
casting mould 1 in the desired place.

20 [0041] For the powders, a particle size distribution
is chosen with a D50 between 1 and 1000 microns, preferably
lower than 100x. Practical experience has shown that this
particle size was the ideal compromise between the handling
of the raw materials, the ability of the porous product to

25 be infiltrated and the control of the reaction.

[0042] During casting, the hot metal triggers the
reaction of the preformed shape or of the insert which
transforms into a conglomerate with a porous structure of
hard particles. This conglomerate, still at high

30 temperature, is itself infiltrated and embedded in the
casting metal making up the part. This step is carried out
between 1400 and 1700°C depending on the <casting

temperature of the alloy chosen to make the part.
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5 the thickness desired. These different Ilayers are then

allowed to dry before the metal is poured into the mould 1.

This molten metal also serves to trigger the reaction in

order to create a porous layer which 1is infiltrated

immediately after its reaction to form a structure that is

10 particularly resistant both to impact and wear.
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in a foundry, with a
structure reinforced with at least one type of metallic
5 carbide, and/or of metallic nitride, and/or of boride,
and/or of metallic oxides, and/or of intermetallic
compounds, hereafter called components, characterised in
that the raw materials acting as reagents for said
components have been put into a mould (1) before the

10 casting, in the form of inserts or preformed shapes of
compacted powders (3) or in the form of barbitones (4), in
that the reaction of said powders has been triggered in
gsitu by the molten metal casting, forming a porous
conglomerate 1in situ, and 1in that said mwmetal has

15 infiltrated the porous conglomerate, thereby making a
reinforced structure, so as to result in an inclusion of
said conglomerate in the structure of the metal used for
the casting, thus creating a reinforcing structure on the
wear part (2).

20 2. Wear parts as in Claim 1, characterised
in that said porous conglomerate is created in situ and is
infiltrated by the cast metal and in that the particles
thus created have a Vickers hardness between 1300 and 3000

Hv, and in that said conglomerate confers on the composite

25 reinforcement an impact resistance of over 10MPa~ﬁE.

3. Method for the production of wear parts
with a structure reinforced by at 1least one type of
metallic carbide, and/or metallic nitride, and/or of
boride, and/or of metallic oxides, and/or of intermetallic

30 compounds, hereafter called components, where said
components are put into a mould (1), before casting, in the
form of inserts or preformed shapes of compacted powders

(3) or in the form of barbitones (4), where the reaction of
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!;\%#10%&I()éaid powders is characterised in that the reaction in situ

between the raw materials of said components is triggered

and sustained by the heat of the molten metal.
4, Method for the production of the wear
5 parts as in Claim 3, characterised in that the reaction
between the raw materials forms a very porous conglomerate
capable of being simultaneously infiltrated by the cast
metal without any particular alteration of the reinforced
structure.

10 5. Method for the production of wear parts as
in Claim 3 or 4, characterised in that the reaction between
the raw materials takes place at atmospheric pressure
without the method requiring any compression after reaction
of the powders.

15 6. Method for the production of wear parts
as in any one of Claims 3 to 5, characterised in that the
reaction between the raw materials does not require any
specific gaseous protective atmosphere.

7. Method for the production of wear parts

20 as in any one of Claims 3 to 6, characterised in that said
raw materials belong to the group of ferrous alloys,
preferably FerroTi, FerroCr, FerroNb, FerroW, FerroMo,
FerroB, FerroSi, FerroZr and FerroV.

8. Method for the production of wear parts

25 as in any one of Claims 3 to 6, characterised in that said
raw materials belong to the group of oxides, preferably
TiO,, FeO, Fey0;, 8i0;, Zr0,, Cr0;, Crz0;, B;0;, Mo0O;, V30s,
CuO, MgO and NiO.

9. Method for the production of wear parts

30 as in any one of Claims 3 to 6, characterised in that said

raw materials belong to the group of metals or their

alloys, preferably iron, titanium, nickel or aluminium.
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raw materials include carbon, boron, or nitride compounds.

11. Use of the wear parts produced
5 according to any one of the preceding claims for

applications requiring resistance to both wear and impact.



